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. Although this relationship is well recognised it is variably quantified, and the documented explanations in the literature are predominantly hypothetical. Previous studies of the retrieval process have focused on medical patients only, included only interhospital transfers, have not pertained to retrieval performed by a dedicated retrieval service and have included limited data on the transfer-specific process effect on patient outcomes [2] [3] [4] . Covering 983,482 square kilometres, South Australia has a widely-distributed population with significant challenges to the provision of healthcare, particularly for those who are critically ill or injured. There are no tertiary ICU services outside of metropolitan Adelaide and critically ill patients presenting at rural hospitals require transfer for specialist care.
The Royal Adelaide Hospital (RAH) ICU is a major tertiary referral unit for South Australia, admitting 2,000 to 3,000 patients per annum with a severity of illness Acute Physiology and Chronic Health Evaluation (APACHE) II score of median (interquartile range, IQR) 15 (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) . The ICU is a mixed medical/surgical adult unit with a large trauma caseload but does not routinely handle obstetric cases. Midway during the reported study period, circa 2013, a previously independent cardiothoracic ICU was amalgamated with the general medical/surgical unit.
Since 2009, South Australia has had a dedicated centralised retrieval service, South Australia Ambulance Service (SAAS) MedSTAR, affiliated with the SAAS, which performs approximately 1,800 adult retrievals annually 5 . This service has multiple, 24-hour doctor-led retrieval teams, with a supervising medical retrieval consultant responsible for triaging calls, liaising with and advising local medical officers and dispatching retrieval teams as required. The service has road, rotary, and fixed-wing platforms of operation and utilises telemedicine to provide vital support and evaluation of critically ill patients in remote locations.
We performed a propensity-matched cohort analysis between retrieved and non-retrieved patients admitted to ICU to identify differences in hospital mortality attributable to the retrieval process, with a secondary analysis of ICU and hospital LOS. In addition, we assessed factors associated with increased mortality in the retrieved cohort. 6 . These admissions were cross-matched against the SAAS MedSTAR retrieval services database to identify the retrieved cohort. ANZICS-CORE-APD data is prospectively collected by trained, dedicated data collectors and is linked to the bi-national ANZICS database. SAAS MedSTAR data is collected by the retrieval team during the mission, then completed and entered by the retrieval team. Regional population characteristics were obtained from the Australian Bureau of Statistics census data 7 . Radial distance from the RAH was calculated by batch geocoding the retrieval locations using Google Maps application programming interface 8, 9 . Variables analysed included age, gender, Aboriginal and Torres Strait Islander status, APACHE IIIj diagnostic code and APACHE III score, ICU and hospital LOS, time from team activation to arrival on scene and arrival in ICU, rural/ metropolitan location, radial distance to retrieval location, and population size at the retrieval location (as a surrogate for local health service provision). No imputation was undertaken for missing data.
Materials and methods
Data are summarised as number (%), median (IQR) or mean (standard deviation, SD), with between-group differences analysed by chi-square, rank sum test or Student's t-test as indicated. Retrieved patients were propensity scorematched against controls in a 1:1 ratio using a multivariable logistic model. Matching variables included age, gender, Aboriginal and Torres Strait Islander status, APACHE III score and the APACHE IIIj diagnostic code, with the latter grouped by system in order to consolidate low-frequency diagnoses and a binary postoperative flag included, as listed in Table 1 . Matching was assessed by standardised covariate balance summary statistics and graphical assessment of propensity score overlap. The influence of being retrieved was estimated as the average treatment effect between cohorts, risk difference (RD) and 95% confidence interval (CI); secondary analysis was performed as the average treatment effect within the retrieved cohort and a sensitivity analysis performed on the non-metropolitan subgroup. As ICU and hospital LOS were markedly skewed, these variables were log-transformed prior to analysis and are reported as the percentage change (95% CI). Factors independently associated with hospital mortality within the retrieved cohort were assessed by univariate and multiple logistic regression, with results presented as odds ratios (OR) and 95% CI. Analyses were performed in Stata/MP 15.0 (StataCorp LP, TX, USA).
Results
During the five-year study period there were 11,641 index admissions to the RAH ICU. Of these, 1,597 (14%) were retrieved by SAAS MedSTAR. Demographic details are listed in Table 1 . Retrieved patients were younger, sicker, more likely to be Indigenous and more likely to have been a victim of trauma. They had a longer ICU LOS and a higher raw hospital mortality (19.5% versus 13.4%, P <0.001) when compared with non-retrieved patients. Of those retrieved, 295 (19%) were primary 'from-scene' retrievals and 1,074 Missing data amongst all covariates was maximal for the 'interval from activation to arrival at scene', missing n=52 (3.3%). Amongst the covariates used in propensity scorematching, APACHE III score was missing most frequently, n=17 (1.1%).
For the propensity matched analysis, the average treatment effect, RD (95% CI), for retrieval on hospital mortality between cohorts was -0.7% (-2.8% to 1.3%), P=0.50; with the average treatment effect of retrieval within the retrieved cohort being 0.8% (-2.0% to 3.6%), P=0.56. Retrieval was associated with a 20% (9.0% to 30.5%) longer ICU LOS, P <0.001, and a shorter hospital LOS, -7.6% (-15.3% to 0.1%), P=0.052. A sensitivity analysis performed on the nonmetropolitan subgroup revealed an average treatment effect between cohorts of -0.8% (-3.7% to 2.1%), P=0.60.
Univariate factors associated with hospital mortality in retrieved patients are listed in Table 2 . Factors independently associated with mortality under multiple logistic regression included age, APACHE III score, diagnostic category, radial distance from the RAH, team duration at the scene and the time from activation to arrival in ICU.
Discussion
In this propensity-matched cohort study, we have demonstrated that there is no effect of retrieval on hospital mortality for patients subsequently admitted to ICU. This contrasts with the increase in mortality demonstrated in multiple previous studies [1] [2] [3] [4] 10, 11 , however, none of these studies are directly comparable. The studies by Hill et al involved medical patients only, excluding surgical or postoperative patients. Flabouris compared direct interhospital transfers with patients admitted from the emergency department (ED) in the ANZICS CORE dataset; however, he excluded postoperative admissions. In addition, the patients admitted via ED were not identified as having been retrieved either from another hospital or direct from the primary scene. In this study, as the RAH is a major trauma referral centre, trauma comprised 34% and primary 'fromscene' retrievals 19% of the cohort, with 22% of retrieved patients admitted to ICU postoperatively. Therefore, the study populations are inherently different. Furthermore, in none of the aforementioned studies were retrievals performed solely by a dedicated retrieval service.
We had speculated that the interval from retrieval team activation to the patient receiving care, and accessibility to healthcare resources, may contribute to increased mortality. However, the interval to retrieval team arrival with the patient was found not to be significant, OR 0.97 (CI 0.81 to 1.16) and we failed to show an association between rural location or population size with mortality. As far as we are aware we are the first to report analysis based on accurate time of arrival of the retrieval team with the patient, allowing us to assess the impact of this variable that many authors have hypothesised could contribute to an increased mortality. Radial distance was non-significant as a univariate factor and whilst it was significant when adjusted for age, APACHE III score, diagnosis and the time interval to ICU admission, the effect size was small, with an OR of 1.04 (CI 1.00 to 1.08), P=0.04 for a 50 km increase in radial distance. This is consistent with Flabouris' work 12 where he showed the distance to the admitting ICU and Accessibility/Remoteness Index of Australia rating not to be predictors of mortality; though, in our study we were able to use the actual retrieval location, rather than the patient's residential address. The finding of a reduced mortality, OR 0.98 (CI 0.97 to 0.99), P <0.01, with increasing total interval from activation to ICU admission was unexpected; however, this association persisted in multivariable regression and on dividing this interval into quartiles, the effect was linear in the log-odds scale, i.e. the longer the total interval, the greater the reduction in the OR. This finding may relate to the lower mortality seen in trauma and postoperative patients, both groups displaying longer total intervals to ICU admission, and also to the prolonged total intervals seen with interstate transfers which are usually conducted in relatively stable patients.
Prior studies showing a mortality difference for transferred/ retrieved patients have suggested lead time bias as a factor [11] [12] [13] . The APACHE III score is based upon the most deranged physiological values within the first 24 hours of ICU admission and fails to consider any treatment undertaken before or during the retrieval process. As advanced care is commenced when the retrieval team reaches the patient, physiological parameters will often improve prior to the patient arriving in ICU and their calculated APACHE score will be reduced. This has the potential to underestimate true severity of illness and predicted mortality for retrieved patients and, in the setting of the current study, should amplify any increase in mortality attributed to retrieval, adding weight to the non-significant mortality finding.
We also demonstrated that the main factors associated with increased mortality were advanced age, increased illness severity score (APACHE III) and diagnostic group, consistent with other studies 10, 12, 14 . The most common APACHE IIIj diagnoses in our retrieved cohort are listed in Table 3 .
Consistent with other investigators, retrieved patients in our study were younger with higher severity of illness scores 4, 10, 11 . They were also more likely to have been Indigenous. They had a longer ICU LOS, 3.1 days, similar to the three days reported by Flabouris et al 10 but shorter than the 5.3 days and 5.4 days reported by Durairaj 11 . There was no difference between the groups when looking at raw hospital LOS, however, in the propensity-matched analysis, hospital LOS was marginally shorter in the retrieved cohort, possibly due to transfer back to a rural centre prior to discharge home.
Strengths of this study include a large sample size, clear identification of the retrieved cohort with inclusion of both medical and surgical patients, accurate and detailed time intervals throughout the retrieval journey, and the use of actual distance from the retrieval location to hospital, compared to the common use of patient address as a surrogate.
There are, however, a number of weaknesses. This is a single centre study and the SAAS MedSTAR retrieval service feeds into all four tertiary ICUs in the Adelaide metropolitan area, though the RAH does receive the largest proportion of these patients. The study is observational and retrospective in nature; however, this is essentially unavoidable given the nature of the research question, rendering any such study intrinsically reliant upon the quality of the underlying datasets. The ANZICS-APD is a validated dataset with established quality controls and data prospectively collected by trained collectors. Despite this, there are some coding issues that may impact upon this study; for example, a postoperative/surgical diagnosis can only be assigned to patients returning from theatre, whereas many surgical patients being retrieved will be admitted to ICU prior to their operation, mandating a non-operative diagnosis. Caution therefore needs to be exercised in interpreting the medical/ surgical split in the retrieved cohort. The retrieval dataset was developed 'in house' and is managed solely by SAAS MedSTAR, being less mature and lacking the established quality control procedures present in the ANZICS-APD.
The use of 'population at the retrieval location' as a surrogate for healthcare resources was a pragmatic choice, and incorporating a validated index instead, such as the Accessibility/Remoteness Index of Australia 7 that has been utilised in previous work 4 , may have strengthened our study. A further limitation of the SAAS MedSTAR dataset is the omission of the date and time of patient presentation at the original hospital in relation to the timing of initial referral-a prolonged delay between initial hospital presentation and notification to the retrieval service may be associated with mortality but was unable to be assessed in this study.
Future directions for this work might include estimation of illness severity (APACHE) scoring at the time of team arrival with the patient, allowing better quantification of the effect Table 3 Most common (15) . Development of a similar scoring system within the field of adult retrieval would be a valuable resource, potentially enabling resource allocation and mission prioritisation, in addition to providing a more accurate assessment of the impact of the retrieval team's care on mortality.
Conclusions
The hospital mortality for patients retrieved via a dedicated service and admitted to the RAH ICU was no different when compared with propensity-matched controls. There was an increase in ICU LOS but negligible effect on hospital stay. Mortality in retrieved patients was associated with age, APACHE III score and diagnostic category; however, showed no association with the interval from team activation to arrival with the patient or population size at the retrieval location.
